Summary.-The cytotoxic effect of guinea-pig lymphoid cells on guinea-pig hepatoma cell lines in tissue culture was investigated, using the microplate technique of Takasugi and Klein (1970) .
The effect of lymphoid cells from guinea-pigs immunized against tumour cells was compared to that of cells from normal controls. Several ratios of effector to target cells (10 :1, 50 :1, 150 :1, 250 :1) were used. In Hartley guinea-pigs immunized with allogeneic tumour cells, peripheral blood lymphoid cells from 14/16 animals showed significant cytotoxicity against that tumour in culture. In a syngeneic tumour/host system, 7/13 animals showed cytotoxicity. Spleen cells gave less consistent results in both systems.
The cytotoxic activity of subpopulations of immune lymphocytes against tumour cells in vitro was investigated. It was found that although both T-cell-enriched and T-cell-depleted cell populations exhibited cytotoxicity against tumour cells, the unfractionated cell population was the most effective. This suggests that some degree of cell cooperation may be involved in the cytotoxicity.
Antibody-dependent cellular cytotoxicity was also obtained. A T-cell-depleted population of normal cells was shown to be cytotoxic to tumour cells in the presence of serum from immune animals. This type of cytotoxicity could be obtained concomitantly with cell-mediated cytotoxicity in the same animals.
SINCE the early observations of Gross (1943), Foley (1953) , and Prehn and Main (1957) , that an immune reaction to tumours could and did occur, there have been extensive investigations into the nature of this anti-tumour response (see reviews by Klein, 1969; Law, 1969) . It has become clear that for most tumours the main immunological reaction of host against neoplasm is a cell-mediated one, similar in mechanism to the allograft reaction (Hellstrom and Hellstrom, 1969) . There has been much interest in how lymphoid cells produce allograft rejection and tumour immunity. When examined in vitro, lymphoid cells can manifest a direct cytotoxic action against the requisite target cells (see reviews by Perlmann and Holm, 1969; Cerottini and Brunner, 1974) . It is probable that this cytotoxic effect is an important component of the immune response in vivo (Cerottini and Brunner, 1974) , but many questions about this phenomenon still remain to be answered, and -there is a need for further study in different animal models.
Most of the animal studies on cellmediated cytotoxicity have been in mice and rats (Perlmann and Holm, 1969) . Oppenheim, Zbar and Rapp (1970) reported that peritoneal exudate cells inhibited thymidine uptake of tumour cells in a guinea-pig tumour system, but few, if any, full cytotoxicity investigations have been carried out in the guinea-pig. A guinea-pig tumour model could facilitate studies on the suggested role of inter-actions between specific cell types, such as basophils or mast cells and lvmphocvtes, in cell-mediated immune responses (Bourne et al., 1974) . It would also provide a much better model for the studv of the role in cvtotoxic phenomena of the postulated histamine H2-receptors on lymphocytes (Henney and Bubbers, 1973; Plant et al., 1973) , because the guinea-pig is considerably more sensitive to histamine than are rats and mice.
Recently it has proved possible to obtain, in tissue culture, established cell lines of hepatomas of both inbred and random-bred guinea-pigs (Dale et al., 1973) . In the present study, cell-mediated cytotoxicity by peripheral white blood cells and spleen cells against these tumour cell lines has been investigated. As it was intended that the methods developed in this investigation should be applied eventually in the neglected area of the study of immune responses to earlv autochthonous tumours in the living animal, we concentrated on techniques which involved relatively small quantities of easilv obtained effector cells. We therefore selected the microtest plate technique described by Takasugi and Klein (1970) Preparation of T-cell-enriched populations by nylon wool column filtration.-This method was based on that described by Greaves and Brown (1974) with some modifications. Crude spleen cell suspension (40 x 106 cells/20 ml MEM) was filtered through 600 mg of nylon wool fibre in an inverted syringe. The nylon wool had been washed in 0-2 N HCI, rinsed in distilled water, then rinsed again with MEM plus 10% decomplemented foetal calf serum. Viability of the eluted cells was more than 9500. The resulting cell suspension was diluted with RPMI-1640 medium to the concentration required.
Preparation of B-cell-enriched populations by sedimentation of T-lymphocyte rosettes.-The method described by Wahl, Iverson and Oppenheim (1974) was used. B-cells were purified by removing T-lymphocytes which had formed rosettes with rabbit red blood cells. Crude spleen mononuclear cells obtained by the method described above were incubated at a concentration of 108 cells per 10 ml RPMI-1640 with 109 rabbit red blood cells. After 15 min of incubation at 37°C, the cells were centrifuged at 200 g for 5 min. Then, without disturbing the pellet, the test tubes were placed in a refrigerator for 60 min. The cell pellet was then gently layered on density gradient reagent, and the tubes centrifuged at 800 g for 30 min at 5°C. The non-rosetting cells at the gradient interface were harvested, washed x 3, and resuspended in RPMI-1640 medium at the required concentration. The viability of the eluted cells was more than 95%.
The tritiated thymidine ([3H]TdR) labelling method.-Spleen cells were made up to the required concentration in 1-ml precipitation tubes and incubated at 37°C. Mitogen (concanavalin-A 10 ,ug/ml or lipopolysaccharide 25 ,ug/ml) was added to the test sample at this stage. After 65 h of incubation, 1 ,uCi of [3H]TdR was added. Then the tubes were incubated again at 37°C for 4 h, after which the cells were harvested. The tubes were transferred to an ice-bucket, the cell pellet dispersed in fresh medium, transferred to glass centrifuge tubes and centrifuged. This was repeated and then 0 5 ml of cold 10% trichloroacetic acid (TCA) was added. The tubes were kept at 4°C for 20 min, spun down at 2000 rev/min for 10 min at 4°C and then washed with 10% TCA and 740 methanol. The final supernatant was removed and 0-2 ml of 0-6 N Nuclear Chicago Solubilizer was added to each tube and left overnight for the precipitate to dissolve. The dissolved precipitate, with 0-2 ml of scintillation fluid, was transferred to a counting vial containing 10 ml of scintillation fluid. The vials were counted in the scintillation spectrometer, and the results expressed as disintegrations per min (d/min).
The microcytotoxicity assay for cell-mediated immunity.-The assay method of Takasugi and Klein (1970) was carried out, using sterile microtest plates. Target tumour cells were harvested (using one part of trypsin, 0.25%, and two parts of versene, 0-02%o, and incubating at 37°C until cells detached) and about 100 viable tumour cells per 5 ,ul of RPMI-1640 medium were carefully seeded in each well. The cells were left to settle and attach for 4 h. Then 5 pi of the effector cell suspension was delivered to each well. (In antibody-dependent cellular cytotoxicity experiments, serum was added to tumour cells 1 h before the addition of effector cells.) The plates were incubated for 65 h at 37°C. During the incubation, fresh medium was added on each consecutive day, to eliminate the possibility of evaporation or shortage of nutrients in the medium. (Greaves and Brown, 1974) . The T-cell-depleted suspension was prepared by removing T-cells by sedimentation of T-lymphocyte rosettes on a density gradient reagent (Wahl et al., 1974) .
These methods of separation did not
give pure cell preparations. They did, however, result in suspensions in which the predominant cell types were either T or B cells, as evidenced by the uptake of [3H]thymidine with con A and LPS, the T-cell-depleted suspension giving a good response to LPS but not to con A, and the T-cell-enriched suspension giving a good response to con A but not to LPS (Table V) .
The ratio of effector cells to target cells was 250 : 1 and the incubation time was 65 h. Seven experiments were carried out. In the first 4, T-cell-enriched cell suspensions were compared with unfractionated cells, using both peripheral blood and spleen cells. In the last 3 experiments, T-cell-depleted cell suspensions were also included. The results are given in Table III . In all 4 experiments with peripheral blood lymphoid cells, the unfractionated cells were more cytotoxic than the T-cell-enriched suspensions. This was also the case in 6/7 experiments with spleen cells. The Tcell-depleted suspensions were the least cytotoxic.
II. Antibody-dependent cell-mediated cytotoxicity (ADCC)
A short study was made to determine whether ADCC could occur concomitantly with CMC. Experiments were performed In an allogeneic system, immune serum was obtained from Strain 2 guinea-pigs immunized with XIII/4 tumour cells. Effector cells were T-cell-depleted spleen cells from normal Strain 2 guinea-pigs. The appropriate controls were included.
After preliminary experiments to determine optimum conditions for the manifestation of ADCC in the guinea-pig system, 3 experiments were performed, using a ratio of 100 effector cells to 1 target cell, a 10% concentration of the relevant guinea-pig serum and a 12-h incubation. The results are given in Table IV , and show positive cytotoxicity in all cases. Parallel experiments were carried out to assess the CMC of spleen cells from the same immunized guineapigs as were used for these ADCC experiments. Table V (Medina and Heppner, 1973) and some target cells may multiply and increase the final count of attached cells.
It was felt that with tumour cell lines such as the hepatomas XIII/4 and VII/3, which have a long (26-h) doubling time (Dale et al., 1973) this last factor would be less likely to obscure cytolytic and cytostatic effects, and that therefore the microcytotoxicity method would be a useful technique to employ.
In the event, although there was fairly marked variability between guineapigs, a reasonable degree of cytotoxicity could be demonstrated.
From the results obtained, it appears that T-cell-enriched suspensions were more cytotoxic than T-cell-depleted suspensions, while the unfractionated cell suspension was usually the most effective. This suggests that ADCC was not the major mechanism of cytotoxicity. It also raises the question whether there is cell cooperation in cytotoxicity in this system.
These results are quite different from those reported by Berczi and Sehon (1975) who found that the killer cell in their particular system was of T-cell origin. The difference may be due to the fact that different types of tumour were the targets (a sarcoma in their study, a hepatoma in the present study), or that different techniques were being used. However, these workers did not examine the effects of T-cell-enriched populations in their cytotoxicity assay.
Cytotoxic effects similar to the ones obtained here have been described in a few other systems. Lamon and Wigzell (1974) , using a microcytotoxicity assay, showed that cytotoxic activity was detectable in unfractionated pooled spleen and lymph node lymphocytes of mice, against an allogeneic methylcholanthreneinduced sarcoma. These workers also demonstrated significant tumour cell killing with both T-cell and non-T-cell fractions. Plata et al. (1974) , also using the microcytotoxicity assay, demonstrated that both T-and non-T-cells can be killer cells in a murine-sarcoma-virus-induced tumour system. They analysed the nature of the effector cells in two common in vitro assays: the 5'chromium release technique of Leclerc et al. (1973) and the microcytotoxicity assay. They found that only T-cell activity was detected in the chromium release assay, while both T and non-T cells were effector cells in the microcytotoxicity assay.
If there is synergy between two cell types in our guinea-pig system, the nature of the participating cells is not clear. Lonai and Feldman (1971) Further studies are necessary to determine the role of different cell types in the cytotoxic and cytostatic processes.
Results obtained in this study also provide evidence that, in the guinea-pig system, T-cell-depleted suspensions of normal cells could evoke cytotoxicity in the presence of immune serum: i.e., that ADCC could also occur. These results are similar to those already reported by Basham and Currie (1974) for a syngeneic rat sarcoma system. Using a microcytotoxicity assay, these workers found that serum from tumour-bearing rats conferred cytotoxic potential on normal spleen cells. The effect was greatest in the first two weeks after implantation of the tumour, and could be detected at titres of 5 x 10-5.
The effector-cell suspension used in The antibody-dependent cellular cytotoxicity obtained in our system was not complement-mediated, since sera used were decomplemented at 56°C for 30 min, and also low concentrations of serum were found to be active. Basham and Currie (1974) had also reported that the antibody-dependent cellular cytotoxicity found in their rat tumour system was not associated with conventional complement dependence.
One important finding in the present study is that, under optimum conditions for each type of killing, both CMC and ADCC could be demonstrated with cells from the same animal. The occurrence of both types of cytotoxicity simultaneously has also been reported by MacLennan (1973) . It is of some importance that, in a guinea-pig immunized against a tumour, the potential exists for mounting both types of cytotoxic activity against the target cell. Whether both types of cytotoxic reaction occur in vivo, and what part they play in antitumour immunity or allograft immunity are questions which require further investigation.
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